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THE FLOWERS OP MYRIOPYHYLLUM SPICATUM L.
BY N. D. KNUPP.
The Myrtales comprise one of the highest orders of the Archichla-
mydeae. They are characterized by the adhesion of calyx and recep
tacle, usually epigynous, always cyclic, with a definite number of parts
in each whorl. The order is an important tropical one, and furnishes
many products of commercial value. More recently the group has at
tracted widespread attention as it contains the genus Oenothera with
which De Vries worked out his mutation theory.
Myriophyllum falls in a subdivision of this order, the Haloragi-
daceae, a small family of aquatic and marsh plants. There is an
added interest in this family on account of its belonging to that as
semblage of land plants which have adapted themselves to an aquatic
habitat. It was primarily on this account that this study was under
taken.
To Dr. R. B. Wylie, under whose direction and guidance this work
was carried on, I feel greatly indebted for his encouragement and as
sistance. My thanks are also due Professor Macbride for his helpful
interest and numerous courtesies.
Methods.
The material for this study was collected during the summers of
1909 and 1910 at the Iowa Lakeside Laboratory on Lake Okoboji. It
was killed in 1% chromo-acetic acid and preserved in 70% alcohol.
Later it was embedded in paraffin and serial sections cut on the micro
tome from 6 to 13 microms in thickness. The stains used were Dela-
field's Haematoxylin, Iron-alum Haematoxylin, and Flemming's Triple
stain.
Myriophyllum spicatum L. is an aquatic seed plant, living com
pletely submersed during its vegetative existence, only the flowers ap
pearing above the surface of the water. It grows very abundantly in
some of the bays and shallower parts of Lake Okoboji. A small bay
of about 10 acres near the Lakeside Laboratory, ranging in depth from
3 to 10 feet, was practically filled with aquatic plants, a large proper 1
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tion of these was the species in question. The plants seem to thrive
best in water from 4 to 6 feet deep, yet in a little cut-off bay where the
water was from 6 to 18 inches in depth and usually much warmer than
that of the general body of the lake, they were growing, flowering, and
fruiting luxuriantly. Here, too, they blossomed and fruited about two
weeks earlier than those in the larger body of water.
In the summer of 1909, the first flowers were found July 8th, and
the height of the season was reached near the end of July. The next
year they were fully three weeks earlier in their time of blossoming.
This was probably due to the fact that the early spring of 1910 was very
warm which started these plants growing vigorously, and the cold
weather which came during the latter part of April, checking for a long
time the growth of land plants, did not proportionately affect these sub
mersed forms.
The plants live rooted in mud at the bottom of a shallow lake or
pond, and send their long, slender stems upward. The plants are much
too weak to support their own weight in air, but are buoyed up readily
by the water, as the stems have large air-chambers extending from node
to node. In cross section, the stem resembles a wagon-wheel ; a central
area of tissue suggests the hub, a peripheral zone, the rim, with radiating
spoke-like structures between. The spaces between the spokes are air-
chambers, which together make up one-half the volume of the stem. The
vascular bundles, as is common with submersed plants, are very small
and inconspicuous. The cortex is delicate without any apparent thick
enings and without cutinized walls. During the months of June and
July, the tips of the plants become emergent from the water, and these
bear the spikes of flowers. The young flowers are formed beneath the
water in a very close head or spike, and as they emerge, the spike elong
ates by the lengthening of the internodes.
FLORAL DEVELOPMENT.
The infloresence of this species is a terminal, naked, interrupted spike,
bearing from 40 to 60 flowers in whorls of four, or rarely five. Each
whorl is rotated through 45° from the adjoining one, thus producing the
spiral arrangement so clearly seen in the young spike before elongation.
Each flower is borne nearly sessile in the axil of a strong bract, while
two smaller but heavy bracts bound the flower on the sides (Figs. 2, 15).
These three bracts entirely enclose and protect the young flower, opening
gradually as the spike elongates and the flowers develop (Fig. 1).
Generally the flowers are functionally monosporangiate, though rudi
ments of the suppressed parts are present. The upper flowers of the 2
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spike are commonly staminate, and the lower usually pistillate. There
is generally an abrupt change from one kind of flower to the other (Fig.
6), but the variation, however, in this respect is very great, and perfect
or neutral flowers may be found between. Sometimes, on the other
hand, the entire spike is either staminate or pistillate, i. e. dioecious.
Often there is a gradual transition from one kind of flower to the other,
though perfect flowers in this species are not common.
The developing spike resembles very closely the tip of a vegetative
branch. Each consists of a number of very short internodes and nodes
bearing the leaves and bracts, in the axils of which the buds develop.
The flower bud may easily be distinguished from that of the vegetative
bud by its greater lateral development, resulting in a comparative thick
ness. Then, too, the origin of the lateral members of the flower is near
the broad tip, while in the vegetative shoot, they arise back a consider
able distance from the growing point.
The lobes of the sepals are the first members of the flower to be devel
oped (Figs. 7, 8). These are four in number and arise near the tip of
the broad growing point. Their growth is checked very early and they
never become more than one or two mm. in length. This rudimentary
or dwarfed condition of the sepals is probably due to the fact that they
are no longer needed for protection, as the developing flower is entirely
enclosed by the three heavy bracts.
Next after the sepals comes the inner row of stamens (Figs. 9 to 11).
These appear as broad elevations just inside and opposite the sepals. The
stamens of the outer whorl alternate with those of the inner and arise
soon after the inception of the first whorl. These eight stamens make
a rapid growth and appear very vigorous, especially in the staminate
flowers.
The four petals are next to develop (Fig. 10). These alternate with
the sepals and are thus opposite the outer whorl of stamens. They grow
rapidly from the start, and before the stamens are half grown, they have
reached the top and soon overlap one another at the apex of the flower
(Figs. 13, 14). The petals are free and imbricated. Eichler1 states
that they are convolute, often absent in the pistillate flower, or else so
small that they do not touch one another. In this species, I find they
are imbricated, always present in both kinds of flowers, and always over
lapping.
The carpels are the latest to develop. They alternate with the inner
row of stamens. Arising as small protuberances near the center of the
flower, they soon begin each an infolding toward the center of the axis.
1. Eichler, A. W., Bluthendiagramme. Zweiter theil, Leipzig, 1878. pp. 463-464. 3
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This produces the four ovarian cavities, which are completed by the
fusion of the folds.
Within each chamber two ovules arise, one from either edge of the
fold; they are thus foliar in origin (Figs. 18, 20). The ovules seem to
start simultaneously and the pair may be seen growing side by side, with
equal vigor. Up to this point, the two kinds of flowers have the same
history, but here they diverge, and must be taken up separately.
THE PISTILLATE FLOWER.
These flowers, as stated, occupy the lower portion of the spike, and are
the first to develop. They may be first distinguished from the staminate
flower by the early checking of the stamens, which takes place about the
time the carpels begin to develop. The carpels, in contrast, make a
rather rapid growth. The stigmas are broad, occupying the entire top
of the carpels, and clothed with a mat of glandular hairs consisting of
4 to 8 cells each (Fig 3.). Gray's2 new manual gives as one of the char-
acterstics of this genus "stigma recurved." That certainly would not
apply to this species in which the stigma is practically sessile and uni
formly covers the broad, rounded carpel.
As the two ovules of each carpel develop, a vigorous competition en
sues, due, no doubt, to a lack of space for both. One ovule gains the
dominance while the other aborts. This competition must be very keen
when the ovules arise simultaneously, and occasionally two of nearly the
same size are seen about the time the integuments begin to develop,
crowded tightly in the chamber (Fig. 15). No instance, however, was
observed in which one did not abort by the time the integuments had
begun to develop, and no case was seen in which both aborted. Thus
each carpel produces but one mature ovule (Fig. 22). The developing
ovule grows first downward (Figs. 18-20), then turns inward toward
the floral axis as the integuments bud out (Fig. 22), and finally turns
upward becoming entirely anatropous by the time the integuments close
together over the nucellus (Fig. 3).
Eight persistent staminodia are generally found. These are better
developed in the upper pistillate flowers and more rudimentary in the
lower. In some of the lowest flowers of the spike no trace of the rudi
ments was found. In others, only the inner four were to be seen, the
outer whorl having been entirely suppressed. In others, though not
suppressed, they arise later than their usual order, sometimes after the
petals or even after the carpels. When both cycles of staminodia are
2. Gray's New Manual of Botany, Seventh Edition. 1908. 4
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present, the members of the outer cycle are always smaller than those
of the inner. Figures 20 and 21, being sectional drawings of the same
flower, illustrate this point well; figure 20 is the outer stamen opposite
the petal and figure 21, the inner one, opposite the sepal.
The outer cycle of stamens is thus unusual in several respects : first,
its members are opposite the adjacent petals, which interferes with the
normal alternation of the parts; second, it is often entirely suppressed
while the inner whorl of staminodia is well developed; and third, when
both whorls are present, the outer one is always more rudimentary than
the inner. In regard to the explanation of the first of these, a number
of theories have been proposed in an attempt to bring this obdiplos-
temonous arrangement into harmony with the normal alternation of the
parts. According to Braun3 a row of leaves which he regarded as the
inner corolla has disappeared between the outer stamens and the petals,
and the rudiments of these lost parts could sometimes be seen in abnor
mal flowers, as well as in the five glands which in a geranium flower
next succeed and alternate with the petals. Payer and Sachs4 have
adopted the hypothesis of St. Hilaire which assumes that the epipetalous
stamens belong to the corolline whorl through the transverse splitting
of the latter. More recently the hypothesis of Celakowsky5 regards the
epipetalous stamens as really the inner or second circle, which, in the
course of development has become external by displacement. These, in
general are the three main theories of which there are many modifica
tions. In the species under consideration there is no possible chance,
it seems, of applying either the first or the third of these, for there is no
evidence whatever of a circle being lost, or that there has been a dis
placement of circles. Both the arrangement and the fact that the
stamens as well as the staminodia of the outer whorl are smaller than
those of the inner, and also that they are the first to abort, might suggest
that the outer are younger, phylogenetically, than the inner. In the
opinion of the writer, all these irregularities may be explained by some
theory of interpolation.
THE STAMINATE FLOWER.
The staminate flowers are early characterized by the vigorous growth
of the stamens. Here, as in the pistillate flower, the inner stamens arise
first, grow larger, and mature earlier than the outer (Fig. 15). The
3. Gray's Structural Botany. 1879. p. 199.
4. Goebel K., Outlines of Classification and Special Morphology. 1887, p. 418.
5. Celakovsky, Uber den "eingeschalteten" epipetalen Staubgefasskreis. Flora
58, p. 481 ff., 1875.
5 5
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filament is very short while the anther is long and introrse (Fig. 4).
The four microsporagia which develop within the anther are almost
radially symmetrical with respect to its axis. During the development
of the pollen the two sporangia of each half of the anther unite by the
breaking down of the sterile tissue between, forming two pollen-sacs.
At maturity the spores are shed by the longtitudinal dehiscence of the
fused sporangia. The petals are larger in the staminate than in the
pistillate flowers, necessitated by the greater length of the flower. They
also persist longer than the petals of the pistillate flowers, and remain
closed tightly over the stamens until the pollen matures (Fig. 4).
Each staminate flower bears four rudimentary carpels. These vary
in size and development similarly to the staminodia of the pistillate
flower, but in the opposite direction, the best developed carpels being
found near the center of the spike next to the pistillate flowers and be
coming more and more rudimentary toward the tip, where they may be
entirely suppressed. Two ovules arise in each (Fig 14) rudimentary
carpel. Competition sets in early, checking one, while the other
developes to about the spore mother cell stage. At this time the integu
ments are partly formed and the ovule has turned at right angles in
the progress toward the anatropous condition.
t
SUMMARY AND DISCUSSION.
We have seen that the spike of Myriophyllum spicatum L. has stamin
ate flowers above and pistillate below, with occasionally a few perfect
flowers in the center. Apparently, there is an abrupt shift from one
kind of flower to the other. This study, however, reveals a gradual
transition in structure from one end of the spike to the other, rudiments
of the non-functional parts being present in every degree of reduction.
We have thus a complete gradation from monosporangiate flowers of
both kinds, without a trace of the aborted parts, to perfect flowers.
The uppermost are staminate with'only a suggestion of a pistil. Be
low this, the pistils of the pollen bearing flowers become increasingly
prominent toward the center of the spike, and of course function in the
perfect and pistillate flowers below. Similarly, among the pistillate
flowers, there is a corresponding series of staminodia. The uppermost
of these are but little smaller than the true stamens ; lower flowers may
have but four, and these further reduced ; while at the base of the spike
no trace of stamens may be found.
Evidently this species is in a process of floral transition. Either, it
is changing from perfect to monosporangiate, or else from monospor
angiate to perfect flowers. We may discard the latter supposition with 6
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out further consideration, since it is unthinkable that these rudimentary
parts are present in anticipation of a bisporangiate condition. Assum
ing, then, that the rudimentary structures are the vistages of once func
tional organs, we must assume for these plants an ancestry with perfect
flowers. Why, then, are they shifting to the monosporangiate condition?
This species has, no doubt, made the shift from land to water quite
recently. This transition must always be accompanied by great changes
in the structures and habits of a plant. Vegetatively, Myriophyllum
has solved this problem and adjusted itself admirably to its new environ
ment, as is true of many other aquatic plants. But the problem of repro
duction by seeds seems to present more serious difficulties, and it is
probable that the change from perfect to monosporangiate flowers may
be an attempt on the part of this plant to favor its pollination. A few
aquatic plants, such as Ceratophyllum demersum L.9 have developed
structures whereby pollination may take place underneath the surface
of the water. On the other hand, the great majority of aquatic seed
plants must bring their flowers to the surface for pollination. A few
such plants, as the potamogetons, have perfect flowers, but there seems
to be a strong tendency toward the separation of the flowers in such
habitats. Zannichellia and Zostera are monosporangiate and monoe
cious, while Elodea, Vallisneria, Najas, and other aquatic seed plants,
have gone a step further and are monosporangiate and dioecious. In
some of these, the shift from perfect flowers has been made quite rec
ently. Wylie7 in his study of Elodea candeen&is Michx, has come to
this conclusion in regard to that plant, as he finds rudiments of the sup
pressed parts always present. No doubt such rudiments are more com
mon than now recognized among the other genera. Thus, there seems
to be a broad tendency toward the monosporangiate habit among these
water plants. Myriophyllum may be considered in line with this ten
dency, though the advantages of the habit to this species are not clear.
Since the order of inflorescence is acropetal and the pistillate flowers
open before the pollen of the same spike matures, self-pollination would
be ruled out. Long continued study of this plant afforded no evidence
of insect pollination. The separation of the spikes, and their slight ele
vation above the water would not especially favor wind pollination. It
may be, however, that floating pollen, driven by the wind, plays an im
portant part, in which case, there would be a decided advantage in hav
6. Strasburger, E. Ein Beitrag zur Kenntniss von Ceratophyllum submersum
und Phylogenetische Erorterungen. Jahrb. Wiss. Bot. 37:477-526, 1902.
7. Wylie, R. B. The Morphology of Elodea canadensis. Bot. Gazette 37; 1-
22, 1904. 7
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ing the pistillate flowers at the lower end of the spike. Also the pro
duction of seeds at the lower, rather than at the upper end of the spike,
would favor both their nutrition and protection. There are, thus, ap
parent advantages in the separation of the flowers of Myriophyllum
spicatum, this monoecism doubtless favoring both cross pollination and
seed production. Finally the occasional separation of the flowers on
different plants would suggest a probable tendency toward dioecism in
this form, in which case all the advantages of monoecism would be con
served, with the added advantage that self-pollination could never occur.
EXPLANATION OF PLATES I-IV.
All figures were made with Spencer camera lucida with the exception
of the floral diagram in Plate II. Original drawings were reduced one-
half in reproduction. The figures of Plates 1, 3, and 4 were made with
Spencer 16 mm. objective and 8 ocular. Figures 2 and 3 were made
with Bausch and Lomb iy2 inch objective and 4 ocular. Figure 4 was
made with Bausch and Lomb 4 inch objective and 4 ocular. The orig
inal magnifications in diameters were approximately as follows : Fig. 1,
160; Figs. 3 and 4, 90; Fig. 5, 50; Figs. 6-22, 160.
The abbreviations employed in describing figures are as follows: a,
air chamber; b, large bract; bb, lateral bract; f, flower; is, stamen of
inner whorl ; o s, stamen of outer whorl ; o, ovule ; pe, petal ; pi, pistil ;
s, stamen; se, sepal; st, stigma.
8
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Plate IV.—Flowers of M. Spicatum
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PLATE I.
Fig. 1. Longitudinal section of young spike.
plate II.
Fig. 2. Floral diagram.
Fig. 3. Mature pistillate flower in longitudinal section.
Fig. 4. Mature staminate flower in longitudinal section.
Fig. 5. Longitudinal section of spike, showing two adjacent flowers, the up
per pistillate, the lower staminate.
plate III.
Fig. 6. Young flowers in axils of developing bracts.
Fig. 7. Sepals beginning to appear.
Fig. 8. Stamens appearing as broad elevations.
Fig. 9. Older stage.
Fig. 10. Petals opposite the outer whorl of stamens.
Fig. 11. Later stage of staminate flower.
Fig. 12. Staminate flower at stage pistils begin development.
Fig. 13. Inner whorl of stamens, opposite calyx.
Fig. 14. Cross section of flower about same stage as Fig. 13.
Fig. 15. Older staminate flower.
plate IV.
Fig. 16. Pistillate flower showing the beginning of the ovules.
Fig. 17. Later stage showing sepals and rudimentary calycine stamens.
Fig. 18. Two developing ovules filling the ovarian cavity.
Fig. 19. Pistillate flower showing the two lateral bracts.
Figs. 20-21. Part drawings of one flower to show difference in size between
the outer, epipetalous, and the inner, episepalous, staminodia.
Fig. 22. Later stage of pistillate flower.
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